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1. INTRODUCTION 


Among the many concerns for improv- 
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ABSTRACT 

This study shows the qualitative construction of a Referential Cognitive 
Graduate Profile (RCGP) for the Computer Engineering program of the 
University of Bernardo O'Higgins (UBO) in Chile, based on the theory 
of Mental Self-Governance and by using three data-gathering methods: 
document analysis, interviews, and questionnaires, reflecting the profes- 
sional competencies expected by the end of the training, set forth by both the 
institution and program management. The proposed model allows to contrast 
the different thinking styles (TSs) found with the ones preferred by students 
in different levels of formation independently. With this purpose in mind, 
by using a quantitative methodology, 88% of male students in the program 
completed the questionnaires to determine these preferences, enabling us 
to perform a correspondence analysis through Fisher's exact test. The RCGP 
results show evident preference for the legislative, executive, hierarchical, and 
external styles of thinking and clear differences between the preferences of 
students and of the RCGP. Finally, we discuss about various ways to create 
new means to strengthen and upgrade both the program’s graduate profile 
and the RCGP with the purpose of benefitting the formation of Computer 
Engineers and the future of the RCGP model. 
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institutions are making efforts to reduce deser- 
tion rates in every stage of their undergraduate 
programs, a situation that could be addressed 


ing the training processes in undergraduate 
programs in Chile, there is a strong and on- 
going interest that universities share, which is 
getting to know their students, whether it is on 
a socio-economic, cultural and/or cognitive 
level, so that said processes can be visualized 
and improved upon for the benefit of these stu- 
dents-bearing in mind that, for many of them, 
the transition from secondary to higher educa- 
tion is a turning point (Donoso, Donoso and 
Arias, 2018). Furthermore, higher education 
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by continuously searching for the enhance- 
ment of teaching practices until a permanent 
upgrade for their study programs is achieved 
(Cortés, Arellano and Vazquez, 2016). 
However, there are other matters as 
well that higher education institutions want 
to resolve. In Chile, every university program 
reflects a vision of the wanted professional, 
which is described-explicitly-in the learn- 
ing outcomes and/or the desired professional 
competencies for graduates; this is known as 
a graduate profile, and it is what every higher 
education institution aims to reach. Never- 
theless, achieving such goal is a rather com- 
plex task which, at the same time, can be ap- 
proached from multiple perspectives. One such 
perspective is cognition, from where one can 
study and learn about the preferences in meth- 
ods used to carry out different tasks required 
for specific professions. For instance, (Garcia 
Ahumada, 2005, 194-195) realized that these 
method preferences needed in a future profes- 


www.ijcrsee.com 


21 


Huincahue, J., Gaete-Peralta, C, Garrido Véliz, V. (2019). Thinking styles and computer engineering training: an 
empirical study, Jnternational Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 


7(1), 21-33 


sional who graduates in medicine are related 
to the analysis and organization of informa- 
tion, involving an integral view of problems, 
interaction with others and the search for new 
ways to heal the patients’ ailments. 

In the present case, this investigation 
will be focusing on the Computer Engineer- 
ing program of the University of Bernardo 
O’Higgins (UBO), where, from a cogni- 
tive point of view, we will seek to recognize 
which are the aforementioned preferences, 
which will be described in this investigation 
based on Sternberg’s thinking styles (1997). 
These styles vary and evolve through time and 
can be taught and strengthened (Sternberg, 
1999, p. 90). In order to fully understand how 
to teach and strengthen said styles, it is im- 
portant to know, also, which of these are pres- 
ent in the Computer Engineering students of 
the UBO for us to be able to compare between 
the styles that the institute wishes to promote 
and the styles that it actually promotes. This 
way, the stated institution will count with a 
reference that will allow them to make - if 
needed - the corresponding modifications to 
produce a variation and/or an evolution of the 
TSs in accordance with its requirements. For 
that reason, one of the questions that lead this 
investigation is what are the similarities and 
differences between the TSs recognized in the 
students of Computer Engineering of the UBO 
and the ones recognized in a reference profile 
of a graduate from said study program? 

To answer the previous question, it is 
necessary to address two issues before: firstly, 
we need to deepen our understanding of what 
is actually a TS, understood from the Mental 
Self-Government Theory, which will be de- 
scribed below; and, secondly, to discuss the 
general and specific objectives of this inves- 
tigation, which will be done in section three. 


1.1. Theoretical framework 


Sternberg (1997), in his Theory of the 
Mental Self-Governance (TMSG), defines 
styles as “a way of thinking. It is not an abil- 
ity, but rather, a preferred way of using the 
abilities one has. (...) A style refers to how 
someone likes to do something” (Sternberg, 
1997, p.8). The styles involve many variables, 
such as the environment, culture, schooling, 
upbringing and gender that can give shape to 
students’ way of thinking. 

Sternberg and Grigorenko (2001) af- 
firms that the styles are both measureable and 
teachable, from socialization processes, or di- 


rectly through teaching practices, which is rel- 
evant for the empowerment of a person’s TSs 
in a specific situation, providing relevance of 
interest to the educational dimension. 

A hypothesis that the TMSG assumes 
is metaphorized by Sternberg (1997) between 
the personal preferences and those that are so- 
cially visualized: 

The forms of government we have in the 
world are not coincidental. Rather, they are 
external reflections of what goes on in peo- 
ple’s minds. They represent alternative ways 
of organizing our thinking. Thus, the forms of 
government we see are mirrors of our minds 
(Sternberg, 1997, p.19). 

Assuming social diversity, the hypothe- 
sis suggests—among other things—raising the 
personal preferences of students as a cognitive 
variable in learning, which might indicate why 
a student has preferences in performing cer- 
tain types of activities, or why a specific use 
of knowledge is more attractive. Responding 
better to teaching practices over others; but, on 
the other hand, it also suggests the promotion 
of flexibility among TSs as a didactic practice 
in teaching and learning processes. 

The TSs are divided into five dimen- 
sions: functions, forms of thinking, J/evels, 
scopes and leanings of mental self-gover- 
nance. The styles are summary according to 
table 1. 


Table 1. Summary of TSs with the five 
thinking dimensions. 





Functions Forms Levels Scopes Leanings 
Legislative Monarchic Global Internal Liberal 
Executive Hierarchic Local External Conservative 
Judicial Oligarchic 

Anarchic 





Source: (Sternberg, 1997, p.26). 


The styles’ functions refer to the type of 
work that individuals perform in their daily 
activities, their preferences for carrying out 
certain tasks or projects, and the way they ap- 
proach certain situations in order to adapt to 
their sociocultural environment. The forms re- 
fer to the way one approaches the world and 
its problems, either from one perspective, sev- 
eral or randomly. The levels refer to how one 
approaches a problem to reach a solution, ei- 
ther in a general or a particular way. The scope 
refers to the way people interact either with 
themselves or with others. Lastly, the leanings 
refer to the tendencies that exist when seeking 
or avoiding change when addressing different 
problems or issues. 
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1.1.1. Characterization of styles 


In relation to the functions of thinking, 
people who prefer the Legislative style tend 
to plan how to solve problems, following their 
own rules. In addition, they prefer activities 
that allow them to put their creative capac- 
ity at stake. On the other hand, those people 
who prefer the Executive style prefer to fol- 
low the rules and work with the structures that 
already exist, instead of creating them; also, 
they prefer to perform activities when they are 
told what and how to do things. In the case of 
those who prefer the Judicial style, they have 
the tendency of analyzing, comparing, con- 
trasting, evaluating, correcting and judging 
ideas, rules, procedures, structures, contents 
and existing problems. 

As for the forms of thinking, people who 
prefer the Monarchical style are character- 
ized as those who approach problems from a 
single perspective, taking into account only 
one objective at a time; thus, they have a lim- 
ited sense of priorities and alternatives, lead- 
ing them to see things from one single point 
of view, being motivated by a single goal or 
need at the same time, paying attention only 
to aspects that interest them and considering 
unimportant everything that is not related to 
their preferences. Moreover, when speaking or 
writing, they are guided by one main idea, pre- 
ferring to discuss problems and general issues 
instead of details. People with a Hierarchical 
style address their problems from various per- 
spectives, establishing a set of hierarchies and 
needs, knowing they cannot reach all goals 
equally and understanding that some are more 
important than others. People who prefer the 
Oligarchic style often give the same impor- 
tance to several objectives that are presented 
to them. Finally, those people who prefer the 
Anarchic style usually approach problems in 
a random way, using different procedures for 
their solution. In addition, they tend to be very 
creative, managing to see solutions that others 
often overlook. 

With regard to levels of thinking, people 
who prefer the Global style, approach prob- 
lems by ignoring or simply rejecting the de- 
tails. On the contrary, people who prefer the 
local style, when facing problems tend to fo- 
cus on the details. 

With respect to the styles’ scope, people 
who prefer the internal style are usually intro- 
verted and seek to solve problems individu- 
ally, sometimes distant from other people. 
On the contrary, extroverts prefer the external 
style. In addition, they like to work as a team 


and interact with the rest of the people. 

Style leanings have two opposite poles: 
on the one hand, there is the liberal style, pre- 
ferred by people who tend to go beyond the ex- 
isting procedures and rules, and, on the other 
hand, there is the conservative style, preferred 
by those people who tend to avoid change, 
looking for old strategies to solve problems 
that arise. 


1.2. State of art 


From an educational focus, there are 
several investigations that use the TMSG, 
which highlight socioeconomic aspects (e.g., 
Sternberg and Grigorenko, 1995), academic 
performance (e.g., Cano-Garcia and Huges, 
2000; Grigorenko and Sternberg, 1997; Zhang 
and Sternberg, 1998, Zhang, 2002; Zhang, 
2004), and learning styles (e.g., Zhang and 
Sternberg, 2000). 

Proposals about classroom resources 
have also been made. Spangenberg (2012) 
explains how to build support guidelines on 
choosing two mathematical topics in 8th grade 
students, showing the relationships between 
cognitive learning requirements and the use 
of a mathematical object, concluding with a 
sequent development of TS flexibility. In this 
case, the author considered as a goal the de- 
velopment of creativity through the promotion 
of specific TSs, considered as valid distinctive 
components to decide which mathematical 
educational section is fitting for students. 

Agreeing with Betoret (2012), the ma- 
jority of the studies that used the TMSG have 
focused on students, achieving set interest 
outcomes for the understanding of descriptive 
and interpretive phenomena. In this direction, 
but from a referential approach, it is interest- 
ing to study instruments or models to strength- 
en professional training processes. Regarding 
that, Garcia Ahumada (2005) studies the rela- 
tionships between the TSs found in the gradu- 
ate profile and students of medicine who are 
in their second and fourth year, with the ob- 
jective of determining a certain coincidence 
degree; establishing a first approximation re- 
garding the use of a referential structure, con- 
sidering a single source of data for such a task: 
the graduate profile. 

If we take into consideration the social 
component of the case being studied, it is pos- 
sible to add more data sources for referential 
construction, recognizing realities of the edu- 
cational institution that are relevant. In rela- 
tion to that, a sensitive variable in the educa- 
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tional process—and particularly in Chile—is 
the socioeconomic factor, and, agreeing with 
Lizasoain et al, (2007), such variable cannot 
be omitted in references for their training pro- 
cess, because they are crucial in academic per- 
formance (Vargas, 2007). 

In the case of the UBO’s Computer En- 
gineering program, it is interesting to study 
the students and the graduate profiles from a 
cognitive perspective, since this kind of re- 
search can be used as an instrument that con- 
tinuously provides reinforcement and updates 
to professional training methods, being capa- 
ble to propitiate flexibility in the TSs for the 
new students, prioritizing styles that are in ac- 
cordance with future professional tasks. From 
this, we could say that there are TS of that are 
more priority than others by the UBO. Tak- 
ing all this into account, our goal is to iden- 
tify which thinking styles are appropriate for 
UBO’s computer engineering program, which 
will allow us to contrast the referential profile 
of graduates of the program with the different 
stages of training of their students. 

This would allow contributing, from a 
cognitive educational paradigm (Sternberg, 
1997), to the establishment of strategies that 
optimize their training practice. For this, the 
following specific objectives are defined: 

1. Constructing a Referential Cognitive 
Profile of the Graduate (RCGP) by means of 
a data triangulation process, between the ref- 
erence profile from the director of the UBO’s 
Computer Engineering program and the as- 
sociated documentation to the program of the 
graduation profile. 

For the investigation, the said associated 
documentation refers to the program objec- 
tives, occupational field and graduate profile. 
This objective allowed us to identify the ap- 
propriate thinking styles for UBO’s computer 
engineering program. 

Next, the focus of the study shifts to- 
wards the students: 

2. Identifying the existence of associa- 
tion of the TSs in the students’ responses at the 
initial, intermediate and final levels. 

Both results associated with the objec- 
tives have a qualitative nature and are deter- 
mined through the TMSG, being possible to 
consider the next objective from a vertical 
comparison of such results: 

3. Comparing the results of association 
of TSs with the results of the RCGP model. 


2. MATERIALS AND METHODS 


Agreeing with Spangenberg (2012), in 
order to address our objectives correctly, com- 
parative studies associated with students and 
institutions need to be approached with quali- 
tative and quantitative methods. 


2.1. Context 


The University of Bernardo O’ Higgins 
is an academic institution in Chile that was 
founded in the year 1991, opening the Com- 
puter Engineering program in the School of 
Engineering, Science and Technology, in San- 
tiago, Chile, in the year 2011. The data was 
taken in June, 2016, when the program had 
already generated graduates and had current 
students in all generations. 

In Chile, the socio-economic differences 
among students are commonly linked to their 
academic performance (SIMCE, 2013, p. 47), 
which is measured through the SIMCE stan- 
dardized test (Education Quality Assessment 
System); a tool—developed and published by 
the Education Quality Assurance Agency— 
that allows for the assessment of students’ 
learning process in certain subjects. In the 
case of mathematics, students coursing their 
second year of high school, or who are fifteen 
to sixteen years old, that attend municipal 
schools (public) tend to get lower scores than 
students attending semi-private schools (par- 
tially funded by the state), and these last tend 
to get lower scores than students attending 
private schools. Such pattern hasn’t changed 
in the last fifteen years (Agency of Education 
Quality, 2018a, 2018b). 

The data in the table 2 makes evident 
that the mentioned pattern has been kept; the 
students’ academic performance fluctuates ac- 
cording to the schools they attend, being of 
interest to have a study of this nature, since 
it could potentially be used to help bridge the 
existing gap between these groups which do 
require strong support (Donoso and Cancino, 
2018, p.239) on the academic and social as- 
pect. 
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Table 2. Procedence college in some 
generations and Simce results. 














Procedence 2014 2015 2016 Simce 
college results 
Municipal 33.33% 43,75% 13,04% 241 
Particular 
: 58.33% 56.25% 82,61% 270 
subvencioned 
Particular 8.33% 0% 4.35% 335 





Enrollment percentages from genera- 
tions 2014 to 2016 in Computer Engineering 
in the UBO according to the students’ school 
backgrounds. The far-right column shows the 
SIMCE scores obtained in mathematics by the 
students of generation 2012 in Chile. Source: 
Department of Integral Formation (2016) 
[DFT]. 


2.2. Qualitative method 


The participant for the construction of 
the RCGP model, is the director of the UBO’s 
Computer Engineering program, being the 
only one who has held his position in the in- 
stitution since the start of the program up until 
now, when the data was collected. 

As instrument, a semi-structured inter- 
view is created to characterize the TSs that the 
director considers as a reference for their pro- 
gram, since they are aware of the skills and 
competencies needed to be able to carry out 
the tasks the students will have to perform in 
the labor world in the future. Thus, there was 
a first preparation of the questionnaire, which 
must be piloted and adjusted, achieving pre- 
cise aspects of relevance according to the ob- 
jectives of each question. The questionnaire is 
based on the explanation of the desired skills 
and the description of the types of tasks that 
a graduate of this program must perform, so 
that clear characteristics or principles of each 
TS are recognized. After a first analysis of the 
data extracted from the interview transcript, 
we realized a second interview was going to 
be necessary in order to address aspects of 
analysis validation. 

While adressing the specific objective 
N°1, we start to realize that the RCGP has a 
multifactor nature, where the type of informa- 
tion source determine its construction, because 
these sources have an underlying visualization 
of what is expected cognitively in computer- 
engineering work. To continue, several sourc- 
es are considered, that will allow us to study 
and build this conceptual profile in context, it 


being relevant to perform a triangulation of 
data (Cisterna Cabrera, 2005; Denzin 1990). 
We decided for this type of methodology since 
the contextualization of data and addressing 
its social diversity is considered essential to 
make an objective and accurate description 
and interpretation (Cisterna Cabrera, 2005). 

For acoherent construction of the RCGP, 
a systematic strategy is proposed between the 
chosen sources; additionally, in order to mini- 
mize the bias that may exist in the analysis of 
each researcher individually (Gavira and Os- 
una, 2015), a triangulation among researchers 
is performed (Valencia, 2000) throughout the 
whole process. All this reflects a correct and 
adequate scenario for the triangulation of data 
(Donolo, 2009). 

The information sources are the fol- 
lowing: 1) the director of UBO’s Computer 
Engineering program; 2) UBO Documenta- 
tion (UBO-D), composed of the Objectives, 
Occupational field and Graduate Profile of 
the Computer Engineering degree; and 3) the 
report of the Department of Integral Training 
(DFI for its acronym in Spanish) of UBO. The 
latter provides socioeconomic and psychoedu- 
cational information on the students of each 
generation of the program. If we take into ac- 
count such sources of data for the analysis, it 
will minimize the individualized bias of the 
informant (Garcia Ahumada, 2005). 

The director, as information source, will 
allow us to describe the student’s training en- 
vironment, and specifically recognizing the 
skills that a graduate from this program ac- 
quires at the end of the curriculum structure. 
During this process, the director of the pro- 
gram is the one who leads its projects, based 
on his knowledge, professional experiences, 
beliefs and institutionalization; therefore, the 
director is asked to answer the MSG Thinking 
Styles Inventory questionnaire based on the 
preferences expected in the graduates. 

The data of the UBO-D is extracted 
from public information declared by the in- 
stitution from the year 2016 up to the pres- 
ent date (UBO, 2018), based on the skills and 
abilities expected in the disciplinary domain 
and declaring certain types of tasks that the 
graduate will perform in their career. Finally, 
the DFI data is synthesized in an internal di- 
agnostic report of the Computer Engineering 
degree (DFI, 2016) and offered for the present 
investigation. The DFI document is known by 
the director. An example of some data are: the 
parents’ education, educational results of the 
admission previous to entering the program, 
and the family’s economic situation, under- 
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standing that “the relationship that exist be- 
tween students’ socio-economic situation and 
their access to education in a neoliberal soci- 
ety such as the Chilean” (Cisterna Cabrera, 
2005 p. 64). 

This way, the RCGP is the result of the 
triangulation between the questionnaire data, 
the interview transcript analysis, and the de- 
clared cognitive profile for the institution in 
UBO-D. Such analysis is positioned between 
two axes that govern the entire process, one 
that characterizes a socioeconomic context 
from the DFI and another that provides an ob- 
jective interpretation of the data. The diagram 
for the construction of the data triangulation is 
shown in Figure 1. 


Hermeneutics 





Socioeconomic context 


Figure 1. The RCGP model for the 
UBO’s Computer Engineering program. The 
considered components are: I: interview; Q: 
questionnaire; UBO-D: UBO documentation; 
O: objectives; Oc: occupational field; P: grad- 
uate profile. 


In the study, interpretation, analysis and 
construction of the RCGP model, it is assumed 
that its validity and reliability rests ultimate- 
ly on the researcher’s rigor (Cisterna Cabre- 
ra, 2005, p. 62), which form of construction 
comes from a hermeneutic rationality, in ac- 
cordance with Cisterna Cabreras’ statements 
(2005). 

Furthermore, the students can partici- 
pate directly or indirectly in the data; for in- 
stance, they could take part in it through the 
principal’s opinion or the information in the 
D-UBOs, being the information on the socio- 
economic aspect of high relevance for the in- 
terpretation of data, its analysis and the results 
of the RCGP model. 


2.3. Quantitative method 


The participants considered for this 
study are 38 male students in the Computer 
Engineering program of the UBO in June of 
2016. Since only 4 students were women, rep- 
resenting only 9% of the total, the data and 
its interpretation wouldn’t have been reliable 
for use. The participants represent 88% of 
students; each accepted to take part in the in- 
vestigation under an informed consent, add- 
ing name and sex in the form. The sampling 
was performed by considering a significance 
of 5%. 

Understanding that the knowledge in 
students in the program is progressive, an ini- 
tial, intermediate, and final classification level 
is constructed according to the number of spe- 
cialty courses taken, taking into account that 
its curricular structure admits basic or general 
subjects. The initial level corresponds to stu- 
dents who are attending or who have com- 
pleted, at most, 5 of the specialty subjects; the 
intermediate corresponds to those attending 
or who have completed from 6 to 17 specialty 
courses; while the final level corresponds to 
those who have completed from 18 to 25 spe- 
cialty courses. The data was taken during an 
academic semester, which makes it impossible 
for the students to have been surveyed in more 
than one level. 

The distribution by section was 86%, 
94% and 83% of respondents in the initial, in- 
termediate and final program levels, deliver- 
ing a total of 18, 15 and 5 male respondents by 
level, respectively. 

The MSG Thinking Styles Inventory 
(Sternberg, 1999) uses a 104-item, psychomet- 
ric questionnaire in Spanish, which considers 
the measurement of the 13 TSs, generating a 
distinction in gender and occupation; specifi- 
cally when considering the measurement for 
adult men and women who are or not in col- 
lege, being relevant to the study group and 
validated in the research practice, since it has 
been used in cohort educational studies such 
as Bishop and Foster (2011); Gaete-Peralta 
(2015); Gonzalez-Pienda et al, (2004); Gutiér- 
rez and Krumm (2012); Huincahue (2014); 
Lopez Martinez and Martin Brufau (2010); 
Saxena and Aggarwal (2011); among many 
others. That being said, to address objective 
N°2, the questionnaire was used, where the 
aim of finding some existence of significant 
association between the TSs and the percep- 
tion of students regarding their preferences in 
academic-labor scenarios, considering the in- 
dependent data extraction for each study level. 
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Each style is composed of 8 items mea- 
sured on the Likert scale “being 1 if the af- 
firmation does not fit at all, that is, if it almost 
never does things like that and 7 if the state- 
ment fits completely, that is, if one always 
does things like that” (Sternberg, 1999, p. 28). 
The score associated for each style is calculat- 
ed through an average, which qualifies the TSs 
in 6 categories, from very low to very high. 

To measure the reliability of the con- 
struct, a Cronbach’s alpha reliability analy- 
sis was performed for each measurement 
style, considering the categories described by 
George and Mallery (2003). 

Using the R-project software, a cor- 
relation analysis was applied using Fisher’s 
exact test. Due to the distribution of absolute 
frequencies and the differences between the 
number of categories, rows, and columns, 
this analysis was performed internally at each 
study level for the 5 dimensions: functions, 
forms, levels, scopes and leanings. After that, 
a correspondence analysis was performed to 
observe the distribution and the association 
graphic between the mentioned variables, spe- 
cifically those that where significant associa- 
tion evidence was found. 


3. RESULTS 
3.1. RCGP results 


3.1.1. Construct 


The MSG Thinking Styles Inventory’s 
application to the director with respect to pref- 
erences expected by the graduates of the pro- 
gram shows the following results: legislative: 
low middle (4.3); executive: high (5.8); judi- 
cial: high middle; monarchic: low middle; hi- 
erarchic: high (7.0); oligarchic: very low (1.8); 
anarchic: very low (2.5); global: low middle 
(3.5); local: very low (2.4); internal: very low 
(2.0); external: high (5.8); liberal: low middle 
(4.3); and conservative: low middle (3.8). This 
results show preferences for three styles: ex- 
ecutive, hierarchical and external. 


3.1.2. Interview 


The director initially talks about the 
students who enter the program, highlighting 
those students with a different personality in 
comparison with other engineers, since “many 
times they are more introverted (...) the ex- 
treme cases are those that I call autistic, not 


very sociable people”. (according to DFI data, 
the average percentage of the generation of 
students from the program that have a diag- 
nosed disability is 24,28%, considering visual 
disability, attention deficit and others). 

Upon realizing the previous perception, 
an intention to change the attitude of the stu- 
dents springs up in the director’s mind; “what 
I try telling them, since they enter the pro- 
gram, is to buy the story and that they are go- 
ing to be engineers and ,therefore, they will 
have to work with people, to lead teams, etc.”. 
“To buy the story” is a Chilean idiom, used 
to promote self-confidence and self-esteem by 
believing in ourselves facing problems with 
a positive attitude. In Economia y Negocios 
(2016) a use of this expression can be found. 

The director shows interest for making 
the students stop being introverted, giving rea- 
sons entirely work-related, making evident his 
preference for the external TS, since the tasks 
and activities that are to be developed in the 
future must be framed in environments that fa- 
vor certain attitudes or preferences: 

Therefore, what I have to work on 
is to try and make the new students, who 
are usually more introverted and more 
likely to play “behind the scenes”, “get 
in the game’... Because, if truth be told, 
if he’s going to become an engineer, he 
will have to sell or design projects, to 
lead teams, because there are fine lines 
involved and deadlines to meet, then 
one must have the ability to talk with the 
entire team, encourage and make them 
perform to their maximum capacity. 

For the creation and design sale of the 
projects, it is desirable to be able to properly 
organize the requested tasks, and, many times, 
the computer engineer is expected to partici- 
pate and collaborate in multidisciplinary envi- 
ronments, where, for the director, optimizing 
is as a continuous skill of a computer engineer. 
Thus, he describes scenarios where one will 
participate, showing the multifocality of tasks 
and the need for a creative professional for 
good preparation: 

This is hard engineering. One 
must have the ability to put themselves 
in many situations and look for the best, 
fastest, most efficient solution, one that 
takes up less memory... engineering 
problems, effectively... and be very cre- 
ative. 

The metaphor of hard engineering is un- 
derstood in a sense of a technical and system- 
atic rigor required in their professional work, 
whether to optimize a website or to build a 
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software. 

The truth is that I need to be in- 
novative, creative. Currently, the whole 
world is asking for it, because, nowa- 
days, these are some of the most used 
resources, but that does not mean that I 
am not rigorous in terms of having some 
way to know how I’m going to design 
the software or how I’m going to run it, 
because it’s not just a person that partici- 
pates in the software design. 

Such tasks fit better with the legislative 
and executive styles, since it is a characteristic 
of said style to solve problems which solutions 
must be created or constructed; for example, 
in the optimization of a web site or software 
construction. Additionally, the theoretical rig- 
or in programming aspects requires the ability 
to achieve a hierarchical organization of tasks 
to accomplish the objectives. 

In this regard, the bivalent work of the 
functions exercised is highlighted, whether 
in the technical and natural field of the dis- 
cipline, or in the multidisciplinary practice 
declared by the director, which is where the 
product’s function or the solution reached (for 
example, to devise a software that optimizes 
the informative and digital work of a public 
service) is reflected. In this sense, the global 
and local TSs are recognized, since, in certain 
aspects of their work, they are required to use 
specific knowledge, while also knowing and 
understand the scientific and/or technical im- 
pact of their job. 


3.1.3. UBO-D 


For the three data components analyzed 
(O, Oc & P), only two TSs were clearly rec- 
ognized: the declaration of professional skills 
(P) and the program’s objective (O), which 
recognizes the graduate as someone able to 
work with professionals from other domains 
that have an end in common, such as software 
engineering, networks, web programming, 
mobile programming and computer project 
management (UBO, 2018). This suggests the 
promotion of collaborating with work teams, 
which is related to the external TS. 

On the other hand, the importance of 
planning, analyzing, designing, implement- 
ing, documenting and managing computer 
system projects for the professional future is 
also stated. Which poses a particular develop- 
ment of creativity and a preference for legis- 
lative style, because, according to Sternberg 
(1997, p.20), “creative people need not only 


the ability to come up with new ideas, but also 
the desire to”. 


3.1.4. RCGP results 


In respect to the functions of thinking, 
a preference for the legislative style is recog- 
nized in the interview and in the D-UBO, yet 
it is ranked with a “low middle” preference in 
the questionnaire. However, another aspect 
granted by the DFI is that the students who en- 
ter this program scored close to 500 points on 
the PSU (considering that a maximum of 850 
points and a minimum of 450 points is need- 
ed on the University Selection Test to apply 
to these type of universities), this score being 
what does not allow them to enter into the best 
universities in the country. In addition, they 
have similar results in the NEM (secondary 
education average grading from 14 to 17 years 
old), which affects the academic-university 
performance, specifically in the perception 
and expected achievements of the program in 
the initial level. 

This means that the efforts made to 
achieve this type of preferences are important. 
The questionnaire shows a reduction of pref- 
erence for the legislative style, which is in ac- 
cordance with the type of students the UBO 
admits, and does not discard the preference for 
the legislative style, since creativity is even 
presented as a necessity. 

The executive function of thinking is 
clearly preferred in the questionnaire and in- 
terview. Moreover, although there is no clear 
evidence in the D-UBO, it is implicitly visual- 
ized in tasks such as planning, project man- 
agement, execution or implementation. These 
tasks also entail a requirement for the hierar- 
chical TS, which is preferred in the question- 
naire and the interview, and, therefore, is con- 
sidered preferred for the RCGP. 

The Local and Global levels of thinking 
are clearly preferred in the interview, although 
the preferences in the questionnaire are low 
and are not lucidly recognized in UBO-D. 

Regarding the scope of thinking, there 
is evidence in the three samples taken that the 
external thinking is clearly preferred. 

In summary, and based on the analysis 
performed and synthesized, the RCGP propos- 
es preferences for the UBO’s Computer Engi- 
neering program pointing towards legislative, 
executive, hierarchical and external thinking. 
These are the appropriate thinking styles for 
UBO’s computer engineering program. 


www.ijcrsee.com 


28 


Huincahue, J., Gaete-Peralta, C, Garrido Véliz, V. (2019). Thinking styles and computer engineering training: an 
empirical study, /nternational Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE), 


7(1), 21-33 
3.2. Students’ thinking styles by level 


The data analysis was performed con- 
sidering the TSs in its 13 varieties as shown 
in table 1, in a quantitative way (scores) and 
qualitative way, following the descriptions 
made in the theoretical framework. 


3.2.1. Construction of reliability 
analysis 


To measure the reliability of the items 
in each TS, the calculation of Cronbach’s Al- 
pha coefficient is described by George & Mal- 
lery (2003, p. 231). The results are as follows: 
legislative: good (0.814); executive: good 
(0.806); judicial: acceptable (0.721); monar- 
chical: questionable (0.618); hierarchical: ac- 
ceptable (0.771); oligarchical: poor (0.545); 
anarchical: questionable (0.633); global: ac- 
ceptable (0.722); local: questionable (0.660); 
internal: acceptable (0.773); external: excel- 
lent (0.921); liberal: good (0.896); conserva- 
tive: good (0.810). 

From what is declared by Jisu, Delorme 
and Reid (2006), the reliability value in ex- 
plora-tory investigation should be equal to or 
greater than 0.6; while in confirmatory studies 
it should be between 0.7 and 0.8. The present 
investigation establishes an average of 0.745, 
showing that, on average, and in most of the 
items, there is high reliability. 

On the other hand, the dimensions asso- 
ciated to the TMSG of Table | are used, where 
the objective is to identify the existence of as- 
sociation between the students’ perception of 
their professional training and the TSs, con- 
sidering the levels defined in 4.1. 

Next, the correspondence analysis is 
performed on each level, using Fisher’s exact 
test. The statistically valid results (p<0.05) are 
shown in table 3. 

Finally, the scores of each TS have been 
used to identify the existence of significant 
differences between the degrees of perception 
of TSs with the three study levels measured 
independently. For that, the Kruskal Wallis 
non-parametric test was applied, showing evi- 
dence only on the internal TS, where signifi- 
cant differences between the study levels (p- 
valor=0.04322) are represented. See figure 2. 


Table 3. Results of association and cor- 
respondence analysis. 





Study TS p-value Corresponde 
level nce Results 
legislative Preferred 











INITIAL executive 0.009 preferred 

(n=18 juditial not preferred 
students) internal preferred 

—.——, °}30.011 

external not preferred 

legislative not preferred 
executive 0.0004 preferred 
juditial preferred 
INTERM — Monarchical preferred 
EDIATE Hierarchical Unclear 
(n=15 0.0003 preference 
students)  Oligarchical Preferred 
Anarchical Preferred 

Internal , _not preferred 
External oa preferred 

legislative not preferred 
FINAL executive 0.036 Preferred 
(n=5 judicial preferred 
students) liberal preferred 

: 0.048 
conservative not preferred 





The correspondence have been validat- 
ed statistically (p<0.05). Source: self-made. 





Internal thinking style 











Intermediate Final 


Initial 


Figure 2. Distribution of internal TS, re- 
garding the three independently studied levels. 
Source: self-made. 


3.3. Comparisons: RCGP and 
students 


We consider necessary to emphasize that 
the sample size of the investigation (n=38) 
has limited the statistical analysis scope, even 
considering the fact that the questionnaire 
was taken by 88% of the program students. 
However, statistically valid associations are 
recognized between the TSs of students for 
each level in its dimensions, which, by using 
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the RCGP, are possible to be compared. In this 
regard, we refer only to the styles recognized 
by the RCGP. 

In regards to the initial level, a clear 
association is recognized in the functions of 
thinking, showing preferences for the legisla- 
tive and executive styles, which is in accor- 
dance with the RCGP. This does not happen 


in the scopes of thinking, since preferences of 
the internal style are evident, with the external 
style being preferred according to the RCGP. 
This information was implicitly stated in the 
interview with the director, when character- 
izing the students just entering into the pro- 
gram. In this sense, the comparison is consis- 
tent with the data. 






Legislative 


Executive 


Functions 


Judicial 


Monarchic 


Hierarchic 








UBO's computer 
engineering 
program 





Oligarchic 






Anarchic 


Global 


Local 


Internal 


Scopes 


External 


Liberal 


Leanings 


Conservative 































: Intermediate 












Figure 3. Dynamics of the preferences described by the students, knowing the institu- 


tional preferences 


From the functions of thinking on the 
inter-mediate level, a correspondence with the 
executive style is recognized and the prefer- 
ence towards the legislative style disappears. 
In regards to the forms of thinking, preferenc- 
es for each style emerge, except the one pre- 
ferred by the RCGP (preference is unclear), 
showing clear differences with respect to what 
the institution expects from its students. Re- 
garding the scope of thinking, the preferences 
of the intermediate level tally with the RCGP 
results (external style). 

We can observe that there are coinci- 
dences of preferences, both at the final and in- 
termediate level, for the executive and judicial 
styles. However, in none of these two levels 
there is a preference for the legislative style 
(see figure 3). 


4. DISCUSSIONS 


This investigation positions the cogni- 
tive dimension as a study source for the profes- 
sional training processes. In this regard, the 
RCGP model provides valuable information 
that can be used to update and keep perfect- 


ing study programs, teaching practices and ap- 
plicant/graduation profiles. The RCGP model 
is highlighted. The considered methodology 
features make up an instrument that allows to 
put together the declared expected learning re- 
sults, coming from multiple sources that affect 
the formation process. Moreover, the axes in 
the Figure 1 provided an interpretative struc- 
ture of the data, enabling us to characterize 
and suggest a socio-economic underlying situ- 
ation of the students and, therefore, the results 
as well. 

We consider relevant that the RCGP en- 
compasses the specific activities expected to 
be done at the end of the professional train- 
ing process, letting us identify—in an easier 
manner—the Computer Engineers trained by 
the UBO through the TSs, without finding a 
tool of similar range in the literature of spe- 
cialty. In this sense, the RCGP articulates the 
social information with the economic data of 
both the students and the program, being a 
distinctive element in comparison with other 
studies, with the purpose of being used to en- 
hance professional formation in general. Its 
construction and use allowed us to discover 
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the preferences for the legislative, executive, 
hierarchical and external TSs in the Computer 
Engineering program imparted by the UBO. 

Regarding research associated with the 
education of the engineer, Cropley (2015) 
high-lights the importance of creativity in the 
practice of the engineer, which is connected 
with the legislative and liberal thinking styles 
(Zhang et al., 1998). In this regard, the data of 
the present qualitative analysis highlight that 
creativity should be a focus of interest in train- 
ing (Cropley, 2015, Ghersi and Miralles, 2014, 
Lopez et al., 2010), but also, figure 3 indicates 
that the legislative style is preferred only in 
the initial state, and the liberal inclination in 
the final state. This provides, in addition to a 
concern for engineering training programs, an 
antecedent for conducting future research. 

In addition, it should be noted that no 
research has been found that characterizes the 
preferences of the institution’s thinking styles. 
In this regard, the results found are consistent 
with research associated with engineering ed- 
ucation, such as Lee and Sidhu (2015) or Kim 
(2011), which express preferences towards the 
pragmatic, the creative and the constant order 
of tasks that must perform an engineer. These 
results, together with the executive style, have 
been granted by the RCGP model. 


5. CONCLUSIONS 


At the Initial level, it is concluded that 
the students prefer the internal style, differing 
from the scope of external thinking that the 
RCGP model demonstrates, suggesting that 
proposal-making should be directed to exter- 
nal style from the first year. The nature of this 
proposal may be of a pedagogic origin (e.g., 
exhibitions, discussion tables) that succeeds 
in cultivating socialization processes, wheth- 
er between peers or with people from areas 
where the multidisciplinary character of the 
students’ future work is laid out. On the other 
hand, the preferences of functions of thinking 
are similar with those of the RCGP (legisla- 
tive and executive). 

At the Intermediate level, a similarity of 
external thinking of the RCGP results is evi- 
denced, which could be the consequence of 
simply dealing with a different human group, 
or the actual initial maturation that exists in 
the students of the program. From the direc- 
tor’s perception, the great majority of students 
from this program are introverted (see section 
3.1.2); therefore, the actions declared by the 
director strengthen on a different degree the 


academic and labor preferences that one has 
at this level. 

In relation to the functions of thinking, 
the similarity with the executive style is main- 
tained, but the same does not happen with the 
legislative style. The executive style is recog- 
nized in training, for instance, in mathematical 
or accounting courses that have a utilitarian 
purpose of such knowledge for the training, 
and are located at the beginning of the cur- 
riculum structure. As an example, in general, 
mathematical demonstrations are not required 
in the computer-engineering mathematics 
courses, but they understand the use of binary 
systems and solve mathematical problems in 
related areas of the career, developing other 
skills like, a logical-deductive and structural 
rationale, granted by the use of mathematics. 

In the final level, preferences similar 
to those recognized in the intermediate level 
were found; there are preferences for the ex- 
ecutive style and not for the legislative style. 
Given the situation, the present study sug- 
gests considering milestones in the training 
that encourage the legislative style. A possi- 
bility to recognize these kind of milestones is 
in the final year projects, although these type 
of preferences, in a work environment, could 
be initiated from different moments of the for- 
mation process, since other moments could be 
included for creation, project planning and the 
solving of problems, related to the discipline 
with different complexity levels, which will 
allow for the adjusting and flexibilization of 
the styles towards what the institution needs. 

Although, the data does not possess a 
longitudinal scope, it is interesting to see the 
distribution results of the internal TS in the 
three levels (Figure 3), since one appreciates 
the analysis of preferences throughout the 
program for one specific group of students, re- 
maining in the framework of discussion and in 
the prospectives for the future scientific break- 
throughs in the area. In this regard, this study 
could be a basis for developing longitudinal 
research, because the methodological frame- 
work presented in this study allows, with the 
help of the RCPG model, to identify institu- 
tional preferences, contributing to the training 
of university students from a cognitive per- 
spective. 

Considering all the factors we have dis- 
cussed, it’s clear to conclude that the present 
study provides information of interest for the 
Computer Engineering program in the UBO, 
and for the professional training of Computer 
Engineering in general, highlighting that ex- 
ploring, recognizing and/or promoting TSs 
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profiles in the performance of future work 
tasks, will contribute to building human capi- 
tal of excellence for specific tasks required in 
our society. 
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